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PURPOSE

The purpose of this program is to study the electrode
reactions which takes place in the sealed silver axide-
cadmium cell under satellite regimes. The findings are
then to be used for developing improvemsnts in design and
construction to be incorporsted in 30 sealed cells.




ABSTRACT ;9597

The program was initiated with a review of published papers
and intemal reports.

Because extended cycling is a principal means of determining
the effect of construction variations and because of the consequant
need for special equipment, 3 complets program for the year, showing
all equipment requirements has been drawn up.

Construction of special equipment is under way. Some portions are

complete and already in use; completion of the remainder is expected
by November 25th.

Special cell design is complete, special dummies have been
constructed and are cycling,

Preliminary work on gas recombination has been carried out.
A test chamber which will accommodate & reference elegtrode and
thermocouples bas been constructeds The top of the chamber is fitted
with hermetic seals through which caurrent can be passed, and with
connections to gas valves and a pressure gauge.
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THE RESEARCH PROGRAM

The research program has been divided into four separate phases,
each dealing with the distinct objectives set forth in the NASA
statement of work. Since the phases are independent of each other,
i.e., the experiments in one phase do not require the results from
any other, the work on all four objectives can proeceed’
simultaneously.

A summary description of each phase is given below; it ia
followed by a more detailed description of each.

Phass 1

This phass, which comprises items #1, L, 5 and 7 in the MASA
statement of work, deals with the study of the characteristics of
silver and cadmium plates of various constructions and composition.

Phass 2

Investigation of rates of gas evolution and the mechanism of
recombination with active materials as a function of temperature
and various separator systems and plate constructions, Also
included in this phase will be the suppression of argentic
voltage by trickle charging.

*

Phase 3
Tavestigation of physical and chemical changes occurring at the
silver electrode during long constant potential charging.

Phase |

Tnvestigation of the positive plate variables which affect the
length of the silver monoxide plateau during long and short orbit
regimes,



DETAILS OF PROGRAM

Phase 1

To study the reactions occurring at the electrodes, plates will

f be cyeled both in dummies and in cells. The plates will also be

‘ subjected to analysis by a number of techniques both before and
after cycling to determine what changes in structure occur. At
this time, the intention is to measure surface area of positives
and negatives by double layer capacitance, acceptance of charge by
analysis for Ag,0 and 4g0 using a polarogrephic method, and loss in
active material by change in weight. We have had some measurements of
surface area on silver powder and on a silver plate made by the BET
method. These resulis will be compared with valnes from trensients
and from the Fisher Sub-Sieve Sizer.

A varisty of silver plate and cadmium plate constructions are
cycling in dummies. The purpose of this type of teat is to ssparate
the slectrode reaction from extraneous factors such as the effect of
epecific separators, changes in electrolyte concentration during a
cycle, and the ratio of pesitive active material to negative.

In each dummy, the test electrode occupies a central position
between two bare counter-electrodes. For the study of the silver
electrode, the counter-electrodes are also of silver; for the
cadmium electrode, the counter electrodes are of nickel.

The reference electrode for the silver is a silver plaque charged
to the extent of 50% of the monoxide capacity. For the cadmiom
electrodes, the reference consists of electroformed cadmium powder
pressed onto a grid of expanded silver sheet. This type of electrode
was used in preference te & pressed oxide because it eliminates the
charging step, Although satisfactory readings are obtained, this type
of reference will be replaced because it has proved rather fragile,

After assembling the test plate, counter—electrodey. . and reference
electrode, the cell case is filled with electrolyte, the electrode leads
are taken out through hollow lead screws in the cell cover, and all
openings are waxed shut, The dummy regime includes cycles at a variety
of temperatures as shown in Table 1.

At the end of the cycling, the plates will then be examined to
detemine the extent of the changes in properties from the initial
values.




Thirty-eight dusmies, in 19 pairs have been constructed. One of
each pair is undergoing charge and discharge at rates corresponding
to the short orbit and one to the long orbit.

Table 2 shows the combinations of variables which are being tested
in dammiss. As can be seen, effects of plate density, electrolyte
concenmtration, silver parkicle size, and type of cadmium are being
investigated. The experiment is designed to show the direction in
which performance is changed as a result of change in a test variable.
Where significant effects becoms apparent, the test can readily be
amplified to explore any variable more intensively. This can be done
because the dummy design mmkes it possible to assemble any test
combination eazily,

Although recent work (Bagle-Picher Final Report on sealed Cd-AgQ
June 30, 1962 Contract DA-36-039-SC-85370) has shown that the rate at
which the silver plate loses weight by shedding increases as the plate
density is decreased, we are still interested in determining the
effects of eleactrolyte concentration and silver particle size since
these factors may influence performance directly as well as indirectly
through the silver demsity. The indirect effect can be due to an
interaction in the sense that a performance change resulting from a
change in silver density and a change in electrolyte concentration
can be substantially different from the sum of effeacts of the
individual changes. In addition,a change in particle slze, or a
change in electrolyte concentration can alter the rate of shedding
of silver.

The study of cadmium plates made from 3 variety of raw materials
stems from a rather different phenomenon. The alectrochemical utiliza-
tion of cadmium always proves to be lower than theeoretical. At low
current densities, 75% seems to be the best utilization, At higher
current densities the utilization falls off sharply. The situation is
rendered more complex by the fact that conductivity of the oxide is poor,
making it necessary to add conductor to the powder.

It has been our experience that plates made from pressed cadmium
oxide are quite different in performance from those made from pasted
cadmium oxide. Following up this mstter we have included in the
study plates made from cadmium hydroxide and from cadmium carbonate.
In addition we are attempting to determine whether benefits will
result from any specific conductive additive.




Cadmium plates must be formed under pressure as Shepherdof NRL
has shown. All of the cadmium plates were formed in this way.
After forming they were washed and dried and then assembled into
cells,

The test regime for the dummies was worked up to correspond,
on the one hand, to the specified orbital regimes, and on the other,
to the arbitrarily selscted plate size., Table 3 shows the calculations
leading to the selected current densities and regime.

An analogous procedure was followed in drawing up the construction
pattern for testing in cells. The patterm is shown in Table L. Here
the effect of separators and the restricted quantity of electrolyte
are added to the electrode reactions,

In each cell the pack consists of two positive slectrodes and
three negative electrodes. The design 1s such that the positive
eslectrodes are limiting, i.e., the negative electrodes possess
exeess capacity. Referemce electrodes are built into all cells.

The ocells, all of which are sealed, and are fitted with pressure
gauges and valves, will be put through the same sequence of evaluation
cycles (deep cycles, variety of charge and discharge rates, variety of
operating temperatures) as the dummies. They will then be subjected
to cyecling on the lomg and short orbital regimes.

In the 100 minute regime, each cell will be discharged to 35% depth
of discharge (DD) in L0 mimutes and charged in 60 minutes. In the 2
hour regime, the discharge time will be 1 hour to 70% DD and the charge
time will be 23 hours, Periodically, the cells will be deep-cycled
to determine changes in capacity and ratio of argentic to argentous
capacities on discharge.

After & number of cycles to be based on changes in performance,
cells will be dissscted. Flates will be weighed, the surface areas
will be measured, and plates rebuilt into cells, to determine
individual positive and negative plate capacities,
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Phasge 2

A principal problem in the operation of sealed cells 1is the
prevention of excessively high pressures. Ces can be produced as
the result of inefficiency of charge, as is the case with nickel
electrodes, or as the result of cell reversal on discharge.

Of course, in the operetion of individual cells it is easy to
avoid cell reversal. In the deep discharge of batteries, however,
where only the battery voltage is monitored, small differences in
capacity can result in reversal of individual cells. The same
difference between operation of cslls and batteries prevails with
respect to end of charge. Bven an electrode which is essentially 100%
efficient while on charge, as is the silver electrode, can produce gas
if charge 13 ecarried too far,.

Where cells are designed to be positive limiting om charge and
where the cells are only partially discharged, then even though cycled
as a battery, coping with the oxygen produced at the end of charge,
or on trickle charge iz the only problem.

Baturally, should the negative electrode, in our case cadmium
become limiting on charge, as the result, say, of an aging process,
then, hydrogen evolved on charge becomss a problem. Moreover, if the
cell loses capacity to the peint where it cannol provide the required
cutput, or if an unanticipatedly deep discharge is called for, them
cell reversal can occur. Under these conditions, either oxygen or
hydrogen can be evolved. Table 5 summarizes the gases evolved as a
function of the limiting electrode and the direction of curremt flow.

Table O goes a step further and shows the possible recombination
reactions. Only the reaction of oxygen with cadmiom is knowm to proceed
at a rate rapid enough to be useful for reducing the pressure. However,
the rate of reaction of hydrogen with silver oxide is measurable though
slow, and the reaction of oxygen with silver is thermodynamically possible.
The listed potantials of hydrogen and cadmium oxide in basic solution
are very close so that a reaction on stand is questionable. There is a
possibility that the shift in potential of the negative electrode during
discharges might be great emough to cause the reaction to proceed. This
would be analegous to the effect found by Dehmelt and Von Dohren as
reported at the 1959 Signal Corps Power Sources Conference.

For the present, the major emphasis must be on the reaction expected
during overcharge of the positive, namely cadmium plus oxygen. A large
amount of work has been done on this reaction in connection with the
nickel-cadmium cell. In this cell the negative has in all cases been
the impregnated nickel plaque.

-8 -




The situation here becomes somewhat confused because there seems
to be fairly general acceptance of the claim that the reaction between
Oz and cadeium is electrochemical rather than chemical. One basis for
this claim is tbe experiment of Dr. Baars in which he showed that wet
nickel in comtact with oxygen and comnected by a wire to a deeply
sulmerged cadmium plate could brimg about the electrochemical
oxidation of the cadmium and reduction of the oxygen. Moreover, in
papers given at the Fall meeting of the Electrochemical Socisty, it
was claimed that the rednction of oxygen in the sealed Ni-Cd cell
takes place on the surface of the nickel (of the negative).

However, Dehmelt and Von Dohren showed that while nickel alone
would reduce oxygen if made negative, they also showed that the rate
was potential ~ sensitive as well as preassure - sensitive. They
found that the rute was faster on a plaque impregnated with cadeinm
and still faster on pure cadmium plates 30 long as the plates were
made slightly negative with respect to the reversible potential. At
positive potentials, the rate was suppressed by formation of thick
layers of Cd(OH), of poor electronic condurstivity. They stated that
at zero potential, the reaction Cd + 208 —>C4(OH), + 2~ also occurs,
80 that the oxygen reaction rate cannot be obsgerved.

We made some preliminary studies of the reaction between 02 and
cadmivm. The work was oriented toward determining only the relevant
variables and consequently is not sufficiently quantitative; however,
the cell construction has pertinence and the data are evidently worth
ngo

In one group of tests the cell pack consisted of a nickel plague
positive, Webril and nylon-dynmel felt separator and a negative prepared
by pasting 2 micron Cd0 with 5% of 8 micron silver powder on a
30x30x.0075" copper wire messh and then charging. The negative was
spaced away from the cell case by a plece of expanded silver sheet.

The obJective was to keep one face of the cadmium plate accessible to
the gas phase, Cell pressure was monitored with a manometer. Current
could be put through the cell.

The cell pack was weighed, soaked in KOH for 2L hours, blotted free
of excess KOH and reweighed. The gain in weight is referred to as
maximum fixed electrolyte. The pack was inserted in the test chamber
which was then sealed. The free volume of the cell was determined by
connecting a flask of known volume at a mown pressure of nitrogen,
allowing the gas to enter the evacuated cell and noting the final
preassure.
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To make a determination, the cell was svacuated, axygan was
introduced, and the rate of pressure decrease was followed. 4
number of interesting observations were made.

1. As would be expected, the rate of recombination decreased
sharply as the quantity of KOH was increased by 10f increments
bayond the maximam fixed electrolyte quantity.

2. The pressure-rate of recombination relationship was of the
form
log r= a+ blog P For 38% KOH the data fall close
to r = kp.

3. 38% KOH gave higher recombination rates than 30% which in turn
was higher than LL® KOH.

L. Using the relationship 1 mAh = .210 ml of 02, the recompination
rate at 1 atm. with 38% KOH is equivalent to 20.7 mA/in“,
See Figure 1,

S. The passage of current through the cell to generate oxygen on
the nickel had no effect on the oxygen recombination rate.
This would seem to be in direct conflict with the findings of
Dahmelt and Von Dohren. Although the cadmium must have been
rendered more negative to canse current to flow, since no
reference electrode could be incorporated in the primitive
design, we can only estimate that the shift was too small to
give a detectable change in recombination rate.

A similar experiment was set up using eharged silver oxide plates
and hydrogen. Figure 2 shows the calculatid maximum permissible over-
charge current density as a function of equilibrium pressure based on
the results obtained. As can be seen, &% room temperature the rate of 2
recombination of hydrogem at 1 atm. pressure is equivalent to 0.156 mA/in“,
a very low rate indeed. Figure 3 shows some of the data points and
gives an idea of the reproducibdlity. .

A few tests were made in cells., Again, 38% KOH proved superior to
higher and lower concentrations for oxygen recombination. The lowest
quantity of KOH gave the most rapid recombination, and the introduction
of semi-permesble separator (cellophane) lowered the rate,

A new reaction chamber for studying gas evolution and recombination
reactions has been constructed. See Figure L. The top of the chamber is
fitted with a number of lead-through seals so that current can be passed
and connections can be made for thermocouples and reference electrodes.
The top is also fitted with a compound pressure gauge and two gas valves
thus making it possible toc pass a gas through the cell continuously.

The objective here is to measure the effects of various plate compositions

- 10 -



and constructions, wraps and electrolyte concentration amnd
quantities,

This last variable is the most difficult to control in practice
since porosities of components vary from specimen to specimen and since
reaction rates are so dependsnt on degree of wetness. The chamber will
be used to study methods of establishing wetness on a reproducible basis.

Another major use of the chamber will be to determine reaction rates
as a function of plate polarization and state of charge. Also the
chamber can be thermostatted to determine the effect of temperature.

To determine the effects of cycling, similar tests are being set
up using sealed cells. Table 7 shows the experiment design. The
principal variables are positive plate density, negative plate density
and construction additives included for catalysis, separator type and
construction, electrolyte concentration and quantity.

Tests will be run on both the short orbit and the long orbit.
One cell to be constructed in this group will be subjected to trickle
overcharging in the attempt to find the mechanism by which the argentic
voltage is eliminated on discharge.

At this wr:lting it seems posaihls that fneressed resistance
results from more nearly complete conversion of silver in the interior
of the powder. To imvestigate this possibility, we intend to dissect
cells, wash and dry the plates and examine them for increase in dry
resistance. Wet resistance measurements can be erroneocusly low
because of parallel current flow in the electrolyte in the plate pores.

Phase 3

The effect of constant potential charging on cells will be studied
in this phase. As with trickle charging, the effects of long c.p.
charging may be due to increase in resistance. To study the effect,
we plan to run tests according to Table 8.

lead will be studied as an additive because it is known to form
a semi-conductor on oxidation. The high conductivity of this semi-
condactor should show up in constant potential charging as an increase
in current over that drewn by the gells with B. The series with grid

conductivities varying from that of Exmet 1 to that of solid sheet
should show up in the same vay.
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Phase |

The objectives in operating on the argentous plateau are to
avoid gassing at the end of charge, to avoid the change in potential
as the plates drop from argsntic to argentous oxide, and to decrease
the difference between charge and discharge voltages. The silver
which is ordinarily used in silver-cadmium cells will aecept only
about 30% of its total imtake on the argentous level. To operate a
cell with this type of silver on the argentous level, and still
maintain capacity, would require that the silver be increased by a
factor of 10/3. Such a change would be undesirable becanse of the
increase in weight and cost,

Two methods have been introduced to counter this difficulty.
The first is the use of fine silver which gives a much longer argenious
charge, and the second 18 the use of palladium as an additive,

It seems likely that the very fine silver particles are almost
completely converted to Agy0 before the thickness of the argentous
layer exceeds the distance through which an oxygen ion can pemetrete
at the lower potential, Under these circumstances, as the metallic
silver is exhausted the electrical resistance of the plate womld
saddenly become very high and the voltage of a plate on constant
current charge would rise steeply to the gassing potential. The
charge curve is consistent with the above mechanism.With an efficiency
of about LS compared to silver opsrating on both levels, the increase
in weight and sise, since only the silver need be increased, is not
excessive for many applications.

The principal problem is to retain the desirable properties, since
previous work indicates that the sllver may go into solution and
crystallize out in coarser fors. The palladized gilver also provides
only a temporary effect. There are & number of courses avallable which

we shall explore. In the first, we shall investigate the performance of

dfferent types of silver to determine for how many cycles the effect
persists. The plates will be made up on different grids %o dstermine
how the variation in grid contact surface affects the charge curve.

The electrolyte will also be varied since the solubility of silver oxide
varies with electrolyte comcentration. Two different separator systems
will be used to explore the effects of this variable. Table 9 shows

the combinations which will be studied. The short orbit will be used
for the study to save time,

-12 -



In a second group of cells, the effect of a variety of additives
inoluding palladium is covered. See Table 10. The objective of the
various carbons is to improve the conductivity of the argentous oxide.
It will be significant if improvement of conductivity eliminates the
steep potential rise at the end of the argentous change. The same
point will be made by varying the charge current demsity; this should
disclose whether the potential change consists only of IR drop.

PROGRAM FOR THE NEXT PERIOD

Fhase 1

Complete scheduled cycling of dumaies over a temperature range
on long and short orbits. Examine plates to determine weight loss
and change in surface area. Form cells for study of electrode
processes, and then cycle,

Phase 2

Start recombination studies in special pressure vessels and in cells.
Compare recombination rates on cadmium and on cadmium impregnated
negatives. Start trickle charging of cells.

Phase 3

Start cycling with charging at constant potential. Also start
continuous charge at constant potential to detemine pressure changes.
Plates will be examined periodically for weight and surface area changes.

Phase 4
Complete cells for argentous voltage operation. Start on short
orbit regime,

Time consumed for the period of July 1, 1963 up to September 30, 1963
on this assigmment were 650.5 engineering hours and 265 technical hours.

- 13 -



ADDENDUNM

STATEMENT OF WORK

General

Using contractor fumished labor and materials, the contractor shall
conduct & research study of the silver cadmium coupls for space applications.
While the Contractor shall expend some effort on electrode lmprovement and
incorporation of the improvements in sample sealed cells for proof of design
tests, the Contractor's major effort shall be applied to understanding the
reactions of the silver oxide (Ag0~Ag,0) and the cadmium electrodes.

Details

The Contractort!s study shall be designed to achieve the following
objectives:

(1)

(2)

(3)

(L)

(5)

(6)

An understanding of the reactions occurring at the silver
(AgO-Agg0) and cadmimm electrodes during cycling and the
effects of temperature (~15C to +50°C) on these reactions.

Determine the rates of gas evolution and the mechanism of

8 recombination, also as a function of temperature
ﬁls"c to +50°C). Some data on pressure variation in a
silver cadmium cell are shown in Figure (1). Analysis of
gas compositions will be made and the effects of electro-
lyte level on gas recombination will be studied.

An understanding of the phpsical And/or chemical changes -
occurring at the silver electrode during long constant
potential charging. Some data on the depression of the
silver peroxide portion of the discharge curve is shown

in Pignre (2). s change in cell characteristics can

be brought about by a constant potential charge for several
weeks or cycling with long trickle charge periods.

Improvements in the porosity and methods of construction of
cathode and anods.

Improvement in the efficiency of the negative plate. REfficilency
bere iz construed to mean the ratio of the actual ampere hours
output of the electrode to the theoretical ampere hour output
of the equivalents of active material in the electrods.

Determine the feasibility of design of cells which will
operate on the silver monoxide plateau only during long
(24~hour) and short (100 minutes) orbita. During this
phase of the work, the possibility of cycling the silver
cadmimm system at a voltage efficiency greater than 85%
while maintaining maximum usage of the active material
shall be investlgated.

-1 -



? Statement of Work (continued)

(7) An investigation if any change in properties of conmventional
separators affects the characteristics of the sllver cadeimm
- couple, This study, however, shall not include any extenaive
work on cell seals or separators., Test cells shall be fabricated
in plastic cases and sealed in epoxy. Separators required for

slectrode studies shall be of the type commonly used in silver
zinc or silver cadwium systems.




Table I

Test Procednre for Phase 1

Group 1 Grouwp 2
38 Dummies 48 Cells

Deep cycle to establish capecity

Short Orbit Long Orbit Short Orbit long Orbit
-159C ~159¢ -15°C -15°C
+259C +259¢C +259C +259%¢
+500C +500C +50°C +509C

Continue ¢ycling at room
temperature until failure,

Dissect dummies and cells.
Determine loss of weight from plates.
Determine change in surface area.

Short orbit; 35 minutes discharge, 65 minutes charge.
Long orbits 1 hour dischargs, 23 hours charge.
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TABLE V

Gas Evolution

Ialting

Electrode Posi tive Hogative
Charge “Oxygen Hydrogen
Bischarge Bydrogen | Oxygen

TABIE VI
Gas Recombination Reaction

Limiting

Electrode Positive Regative
Charge D2+ Cd o+ 1D
D scharge Hz + CO 02 + Ag




Pl P2 Code:
F1 - PositIve Plate Density= L4.88/cc

ot

-~ — 81 -2 VN 2.5/6 C19
2 VN 2.5/3 PA (1.5)
Pellon/3 PVA (1.5)

o : | & | Nl - Kegative Plate Density = 2.3 g/ecc
! | 5% Ni Add.

J
|
!
| P2 - Positive Plate Density = 3.6 g/cc
!
|
|

0iI010
Ny -

Ta ¢ 82

2Q2

Z

s 1 s

= — =l == ——j= - —}—— —| K2 - Negative Plate Density = 2.8 g/cc
| | 1 - 5% M Add.

_ ) L.\ _ ___ _| N3 - Negative Plate Density = 3.3 g/cc
‘ S¥ N4 Add.
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‘ Nl - Negative Plate Density = 2.8 g/cc

Bt e me aannd
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 ~-~2*~" =4 1) 5% FR Ag Add.
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a bra | | t_‘m‘w_ 2) 10% ¥R Ag Add.
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TABLE VII  continaed

Codet

N5 - Impregnated Nickel Plaque
N6 = Impregnated Silver Plaque

Cl1 = 31% KOH
Pl P2 C2 = 36.5% KOH
! ! 1 !
*Q§S‘;52:S3 Sl;SZ:SB c3 = L,2% XOH
g (U N R B T
Cl az : | , : Q] = Normal amount of KOH
B B B ol Ry ‘ . m e nvrn o ses v}
+ Q3| ' ! Q@ = 1/2 Diff. between normal
{ Ql f a ! ! E amount and no free KOH
Nsc2@2l_ | | ||| ©=% fresKod
! glm_iﬂ-..;-“ - WME_-..%.,_,W_ ed ‘Ot’ﬂ!
c3 Q2| ! ! | ’ Fatry"a® Designates 1 N.W. cell on
T it R P - short orbital regime to be
y ! ‘ 1 ! followad by long orbital regims.
1 i
(?I gé m_wiﬂ_ N el BT R B "B* One N.W. cell on trickda charge.
! !
| 63”':'“"; A e E %c* One R.W. cell on short orbital
| FNETW o e regime to be followed by long.
S o A R R N T
C2 | | ®*d" One N.W. cell on state of
N6 : gg...__?w ,_,,E___ S R charge vs. recombination effects.
h? - R i | "e® VN = wettable Nylon
] B e B _.....’.._.__.‘._ [
czaz| o
b3
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TABLE IX
PHASE IV , GROUP T

R

SILVER
POWDE

xEPARATOR

2 NYLON/6C - 19/

v

2NYLON/3PVA 2.0/

& KOH

31.0%

36.5%

42.0%

31.0%

36.5%

42.0%

HAHS

S5AqI5-1

3Ag 5-2/0

5Ag8-4/0

HC

S5Ag 15-1

3Ag5-2/0

S5Ag8-4/0

HC

S5Ag |15~

| ¥4

3Ag 5-2/0

SAq8-4/0

FR

SAg I15-1

3Ag5-2/0

5Ag8-4/0

MR
NO PRESINTER | NO PRESINTER | NO PRESINTER

SAg 15~

3Ag5-2/0

5Ag8-4/0

NOTES: TOTAL

NUMBER OF CELLS =14
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